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Xa, tato ant of tho x roblon . Tho o' j ct of this * ^ »ia «a 
to deni , .in. truct# install, -rx t-»t if . o"3i'>lo, In the 
limited ii av*. lt.ble, a noEzlo cascade odol in the ari*'!* 
Density ini Tunnel In the as Turbine laboratory* 

The basic noa-.le cascade *a3 urnis! ed b) the enoral ilwliris 
Cowp^anyj the lAde aoct'ons are double scale reproduction^ of 
so? o in cur re "it u o in l.r- o turV !ncs. -rovini t*-is sic 
blade a o*el w&g designed to incorporate th* necec ary lec- 
tures for conduct in ; a comoloto uosaure survey throu a the 
nozrl© resaa e and in the erit piano of tho' cascade, The 
odel is also enulp^cd with optical flats mounted on "ech 
'ido Jill for u't© ? it x the interferometer in mklnj «. survey 
of density ’radiants find general flax pattern to stud: the 
boundary layer* 

Tho installation will pomit 4 tests to be rude at either a 
constant Jach I4t*rbsr or a constant heynolds* i*u*ber, nl the 
effects of aci omi be isolated* It it expected tlvt over*- 
all «ach lun'*B**s Tror? 0* ■S to 0.05 ansi te.*noldo f ‘Tomb'S r ’s from 
10,000 to 300,000 ill bo obtained. This stiould ,’ive • 
nurber of interferometer band s) ifta ranging fron 1 to 50* 

Tlio deoi pi '*’as completed under tho direction and wit' til© 
assistance of *r. ‘-ns •traft of tho *neral loctric Ct*” r.y 
and Professor b. 5. Taylor of fch». et ^nautical -n ,ineeriny 
Department. The General lectric C ^pany mannfac tinned the 
model* the neeessar, larje pipia; for the wind tunnel "as 
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r a cufactir* *d by a local contractor * -r. t * optical 

flats vforo furai«*hod by 'orVin-Lln* r or at Ion of 

Ulenbrook* Conn* ctlcat* The Installation ^ag c • i 1- ted 
♦it* the ablo assistance of the Turbine laboratory 
personnel* 

Duo to tl*e iols.ya r.nd ’iflicultlog >nco ontvred in tl»© 
manuf octiiro * m installatio n o the various c jr.oon* nts 
t dl * ‘Ot o«. rt.it lore tl»*an ■>’ rt of Iho orelinin* ~ te*t- 
in ; , of the -odel* The installation was checked t *oron «ly 
for 1 kg nd for prooer functioning of all components* 

The installation i* now read? f o* 1 tho t^sts for ®hieh it 
•‘'as vies! am preliminary runs indicate that the de- 

*»i, n 1 atlsfectory* 

lb. i^to^icwl i ack round * A considerable anoint o/ * #t- 
in. : has boon d one ly the General lee trie Ccnoany on tho 
blades used in this ca c«*de a^d s <no curiou* flo^ 
have *•«©■ not«*-d „ bo* res *n #ifici#ne? e : .y :*'inied v .hr. 
effect , The faciliiio- avail. Me at th* t >• ai-i iot 
alio ► * -t rl f * te s* p- '■ fcloa of tho effects of ach ciber 
an* t- lolds* Wmxor. In order t» investigate the • «o 1« 
u o**e i.'Om"» ly, it • > *as cipyo steel tik*. t In^crferometo 
b© 'red in •'•wiectlbn •dt* *'■ rl hie density wind 
and "ho f ar>ac ueetts Institute o* Tec .ujIo '* 'as a^'pe'- to 
continue the study* 

I*?* • • . o ied * > pc ^f In vent 1 fit >n. It • <- • Intended 



l cn a e C'>i>iu l.« ' ~r the fv- ill' '• l u»t;oa >» ' )»* 
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nozsl . Oi 1 ■- L s at .nevcrv l V 5 u* t o* * ■■•cl' .'ol-; r anJ 
ii 0/110 Ids * w ©r, iwti:atirv t cir r* 1 tlv «». ct-'. rn 

addition, t 1 •• lnt?rr.r«n*t*r "** t>Vo u~ed t > 1 - 

a* o * #tVm '.n to o* 1 'It * *«tocly or t? o •!« 
flor * t p* *fci •»:.!* r r*« ~d 'or t © bo ind*r;r layer* 
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lift. , . sUnof ‘odel, Trefi-t to t -,.i *•*» ~ t 

doai of t * ?oiel a t.« cvi tru<.t o i ure f 
A ohivrt i »tetlc l -a t*. of 1/ ac}, • 'od «n f »> ' 1 * ' 

0 ; in* r f0 t‘l. ro- ' , * u-ed in th* co— >ut*U>a of 

Pe ol s* i';»r i'or v*r our ,»r* ' *ur* *’6tlos« 
equation (s?c»» Af;oe.vH:i) l van toy Libert - . n . r ». 

ti« tin**!- r -.titled “Tne ©si i ©velon»*nt n d esti . * 
of r rj.il/inionslonal :1 u* ro ■lor'ierocl ups r sonic o« f .l s 
t'ie n:r-; . if .-ected int«rf®ro;*rf • and shifts *® r '« 
c . utod for v:rioas oreasure ^at .os and pres urcs. 

These results were plotted »s * »own In lijure * »’ an i 
•proride * .-lciure of the ar-.as t i toe covered. 

It e - rec. tired toy the • rotor* • y 7 tri 0 0 * on “» 

th-it th* cA -.c d© section be cor.ro ted of blades s xpolled 
bj th« • The nosrle throats were also established as 
1/2 inch wide* ®m to sp*ce li*l*atioae in the t.iroet 
of the interferometer on d also due to tho desirability 
of decreasin' as nuct as ^o.'s.lble the side wall el •*!* 
bv us : n n larrc nodel ,r idth, it at decided tL t G- 

V 

inch to 1 do ten t a** th® ’ f-' ••!' * It ► • I’-o 

desirable to include u-ny p*s*» os us ,o si- le to 
nullify hfl *>all • fisotn, ‘ ?t t?*e i * lr su >ly 

limited t/nis 1 enslon* in odd v • r of peso® o •» 
necessar’ to l.usu e equal end • all ©fleets on tue ; idtlle 
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poo 'H. o vUloli **■ a to r e »ut jc A *.-- t > t'**- * 

Usin the lu • *lo «qu»»t m *' on the di* rt, t i o 1 1 
• 05 c rrl* * tod 'o*in tbi os* ' •■ sor ••*(> l ’ lit ie s$ 
data for this «urvt ®- * - li<-d b? the .►** r*bin© -=-b'- 
tory* it this •hs.rt it . © 'ecidsfi that 7 <• > 'i* . * ft' 

a total t iro*t area of °1 aauore inches- -oild i-t, u *u. 

1 , ''o‘''i ^ • • or, l*u to »,c tatifc i or ■■*<}- it ' n . tlic. n* ti u * 1 1 1 

t -oi h •li*-" Ui© Int^rferotteU-r exposures « nilo 
*2*11© «ooi i#or desired a la^l • Iel~» o vi&w ’•hich to 
Include • costolete nozzle passage, *ftor due c^nsi 
tion of countin': problers, area coverage, pressure tap 
le* ds, and blade sup oorta the windows voro looted as 
z^a vn in lures , I I and 'I 4 , Holes wora > trilled in til# 

7 . .nlors t * ad oit supports for th« blades, but ele.*.- -> \e<"« 
arc provided and no side loads are t aVen tr, the 1* . 

It as Important that ’revision be •-•£© for ta^lrvc a 
pressure traverse across the no*sl exits# 
ace vflpli"hrd bp deal nin the airtifht slide and sli^In- 
tubo assembly ahown in Fi gure T K?# This assembly :mit 
a * *vr "> r 0 t e '••!© «*. ov*u In. tie ">lo • ■- •- ule o It ^ >» 
in a el» no 0, < inohe • bo -Ind th« • l^de t? 11 to ^d*-es* 

The c -n* if t the lo «t • » tb ©•Ml? , 

<5--. t . t - i ’ft>? o t-*:e .* h- mo*. *Je. h« r ' r * 

r .ow. ih 1 ur « ~ ’ ’ t trough f f ie# 4 i ur** f S * * , 
and 1 *. Th© nre«sure tvut«<s or» cerri o«i \ the 
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si: -a oi the o tel, throu n the Id**- * vt*. 

The Inn ^ n(,€ ro t.'.© _«o'lo,l uo . ivu. • ir* 

0:1 lie L* t ao ' ‘i » urbin** .»-*ab oratory office, 

lXL, * • c 2 ode 1 » 10 o- el i a • o*>*n c > • 1 t< 

in i U: es M 1 tnrou;-,h * ». Hie odd casin', is rad© 

of ?/0 Inc 1 steel late an ’ !• f 0 -t • ntir- Jy b >if t . to~ 

d©t; iv. r 1 »r oe*s© in dioa •© bly, II *eetin 'n.ir*' h» 

beer. ?'oun *n the necessity for usLj\ r»eal nt L tJ n-t 
joints is obviated, Th© interior surface of the c*dn; 

Vr .9 a " vn iilsh and r©"t care h-s teen t «v en to *■•**.» *j 
t- e e ■ * » lr« -q- el a reel a ion inntr-onont, 

hr bt. si- con o mat ion Includes th* tw > side pi. fees wt iiv’-. 
nro'id. a lo *• t Ion or the lass » Indows, ’ neb© i- o 
nl< too bo loved oro bled© s; *cin£ vy addin,: or ?*• r - 
in the "Lorn insr.e ftUtely oh»*,«d 0 . the. ..xit 

In r i lire •**». Till- relocation o the old.;,? ,.n--ite 
int*.rf row© ter study o. tie no* *1< follow n the on© •! 
or' :• * inter* ~t. A n n J ition # *n ext a sido nag brer* 
rovided i >r tie rifht si-© ot tie ode! to the »•.- 

qui;-ed exit >lane traverse to te ‘aUiAo, This ni t © 1- s^o^i 
in I i ure *K* , 

Tlio onli<nl l*ts ihtch ive *. el»**r roa ♦>?.' X noh : X» •.•«*>. ■ 
are loc. t *1 on iltWr she >: 10,'Xl » t . o t >L d, 

r hese *'lf*t’ '-ere mini to the •- a© rue o: »e.curacy, 

l/i^O o' rav*’ ten th ol v >let ll»*»t •• ©r* t o^e urod in 



7 




















k NM4 MM 10 ft ^ !• «# 










































I 



the In ©rfer ureter. 7 *»o hoi or the bl - 5, ) t» ire 

loc ted In cac' window, ’ hose Indo* re s*> >*Jnt , 
se»ted in lead, L'-.t no interruption of flo- *ill o* ur 
at t .0 r e 00, i.e. the interior ^aII ia pert* tly oot • 

Tho bl.-de ort.s or j* tin, thr>u b the •:! ndors *re .»*'•. •• 1 
eupborted b.< ns ’ -ojootinr iron th« window • >mtin rli. a, 
Thi i« divadv«nt*_eoua oeceuce it doorcases the f ield of 
view 1 ut no ovher completely satisfactory **olition c »ld 
he devised, the bl d: supports ore not in contact with 
the t l&33 * tv tie windows t!i* ref ore support no lo*d ••i + r* 
the exception o the air lo d d\*» to their exposed, er- • a 

• lie 1 tv.-/ ‘ill c rr? with no recognisable distortion. 

• tj tic pressure orifices are locf.tod in both bl des or- 
de^in the •tddle no:ule passage und ’iave been disc »«s 
In the r 'cedln ; sub root ion. 

fi.iii’e *X 1 c o*w toe t i .’la® i*i *luco art-i 1 *0 * o* • 
ho% tl«t ;>rt * j tr«ve ’co is «*■ de . ’ c ;,n»d di e on • • 

inoor.’O.vtod Into t* l side L tc sui i tnia slide f r. two 
bolds k all in tub© r* Leh '-viy nisi be rotated ’ 00 °. The 
inp h; ftc 1 ixed to tue >nd >. t'ds tube. The all e 

r>*roit v tr n « vcl lit thi ;'i*’C^ti • • 1 oi i'lo?’* the tubo ‘ler^i 
travel ro-& rJie caserne section, an th* rotatl>- :>• ti 
tub© ^r*ii.o the determination of flo* direction* 

An an ©*3 1 to le located in * v t/»p o t>* o'-l. i ** 

il to I- in* ended to -*rdt •© ©33 to t»-o interior *>f th© 
p> ©1 »'t .out list irt-in* the ‘ L »n nt n >f t< o v>ti- 

cal rii. . r , # ^ 
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Ill [nntnli* tion 



The *'»o ol *as do"! nod such th*t It «otl ro' It co ©ft 
elbow In t w Za inch stool olpe ‘or In the variable 
Ind funnel circuit. Snort Ion ths of nipo 
were ‘rod r tracers t> raise Vz& colei tn txn avcra r 
bel hfc jf © , t>ue to tho llaiie. Interf* r -r.oter t i’-o 1 t 

• 5dt It ’ojr und necessary to < on* true t * r*.lun* 1 r 
section t re 1 0 © toe l-r^*c ripe 'iro^tly under the o el. 
This .ulreii loereas© in flo* • rea nl .ocslhly -111 

hi* v« 3lot**r ' rue effect u’-on the !; tua Ur? 1 y. r In. the 

* odol \ 1 t, "ho insts llutlon is shown in I‘i- urea ’ ’ n 

Tin air s 'r-*sn .*.ho.n in i i ure 1 V* v»as designed t 'tor 
» 11 rot it t ony 1 f lo and to br^ni" x p f 11 1 -r^e *. ’w.l t-i> 
lon^e !n tnt £ • ow before it re-ched t « lOdel* T2> soi-cen 
is condoned of apcroximtely 60 ahminin tubes, 1/ incA 
;,D, and £13 inches Ion.', 1 nesh screen ^ovc **p otto t He 
inlet *nd outlet of the air aoreen. lnr.ce *we*h ©> le* 
natal «-*reen is used at &ch end t-* insure that th- tv 
will rf mi n in 1- ce. Tht asse .bly i installed in the 
tunnel oi ’ it ar iroxiiestely ' 1 feet •heed V ~ •.«> . 
ent auce, the * lwn o on tne «Lr screen ueltv ts » •. • »> 

tho tvo ip<* ilarx*e : aces siioc.n cion* t th© floor in 
I i ~ures 1 J and * .. f , 

A slisr * -d o critic© wit i a pr*-*'irs t© •» ••• .» !• 

located in th< torr.cl irouit, oe.rcnittlo. «n accurate do- 
te roin-’tl on of *>t- e s flow to b© i d©* - il • orifice rill .ot 



effect » lo<* in the "odel. 
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The efficiency of the nestle 13 defined as the ratio of 
the kinetic energy of the strean leaving the nozzle to the 
kinetic energy ot a hypothetical 3 treom leaving a rev orslble 
adiabatic nozzle which is supplied with the sane kind of fluid 
In the same state and at the sa me velocity and which exhausts 
to the sane pressure as the real nozzle. 

The actual and theoretical kinetic energies of the stream 
leaving the nozzles are found by means of the Impact pressures 
at the nozzle entrance and exit and the nozzle exhaust pressure. 
In accordance with the definition, the following procedure out- 
lines the method of determining the nozzle efficiency for ono 
point in the nozzle exit traverse. 



Hi© nozzle is considered to be adiabatic and therefore ? 01 equals 
T oa . Entering the n hie Dimensional Isentropio Corsprossible Plow 
Functions" table of Keenan-Kay® Gas fables with the pressure 
ratios of static pressure at nozzle exit over total inlet pres- 
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quirod for the determination of efficiency can ho found* 
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Explanation of Kuns *lade £4 hay lV4tt 



All run© ware •nade t-t a pre. sure ratio of .t,03; 

I’ - .5$. This value >ao set arbitrarily. 

attitlc exit M , t 
‘total ahead 

Static pressure in the rectangular box ahead of the 
model varied from 9.14 psia to 15.14 pola. this doee 
not represent the full range of the tunnel, iwo more 
ejectors could h’-ve been out in to further reduce the 
tunnel pressure. The upper limit was governed by the 
limit© of the mercury m&noraeter board. The difference 
in readings of total pr©' sure rhe&d (with the pitot 
static tub©) and total pressure behind (with the traverse) 
is quite ©nail and c mercury tact none tor is not accurate 
enough for this purpose. The traverse wo© m?-de at the 
centerline position, i.o., half way between the two 
side w&lle. Fleven positions of the traverse v ere used 
to cover the exit plane of the middle nozzle. 

The exit flow angle is eorroxia: tely 15°. The 
traverse ia sot 0.5 inches from the nozzle exit plane. 
Therefore, by simple c&lculrtion it can be shown that 
the traverse will be about i.3 inches from a position 
directly over the trailing edge before the lose in total 
pressure of the flow next to the blade surface will be 
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indicated. This is ohovm on the curve of efficiency ver- 
sus traverse position. It is expected thnt the effici- 
ency of the middle position of the pessnge will be neurly 
100,*. The accuracy of these curves could be improved 
by takinp nore readings near the section where the losses 

are greatest. 

The results are plotted as efficiency vs. I eynolds 
number (log Reynolds number was not used because of the 
small ran e of the test) for a constant Mach number of 
.59. As expected the curve shows an increase of effici- 
ency with v :eynold3 number up to an apareat critical 
value where a dip in the curve shows © decrease in ef- 
ficiency. The exact nature of this dip in the curve is 
uncertain due to the small number of test points in this 



range. 
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TEST DATA 



For Runs made on Gay 24, 1949 

Position 0.0 0.1 0.2 0.5 0.8 -3.15 1.5 1.8 2.1 2.2 2.3 



Static 511.0 505.5 505.2 505.5 506.2 506.5 507.0 507,0 507.5 506.5 509.0 
Exit 

Total 418.5 413.0 4121 412.2 412.4 412,7 413.0 413.0 413.5 414.9 415.2 
Entrance 

Total U8.5 412.5 411.8 412.0 416.3 425.8 4150 414.3 414.5 416.0 416.5 
Exit 

Efficiocy 93. 0 100 100 100 95.5 88.0 97.3 97.9 98.2 93,1 93.3 



Static 362.0 363.5 363.8 364.0 364.0 364.0 364.0 364.0 364.0 364.O 364.0 
Exit 

Total 233.2 233.8 234.0 233.9 233.8 233.9 233.9 233.9 233.9 233.9 234.0 
Entrance 

Total 232.1 233.9 234.0 234.0 241.8 245.8 234.2 234.2 234.3 234.2 234.2 
Exit 

Efficiency 100 100 100 100 94.2 92.0 99.8 99.8 99.8 100 100 



• • t 9 t « 9 t 9 • • I 9 9 9 9 9 9 9 9 9 < 9 9 9 9 9 

Static 325.3 325.5 326.0 326.0 326.0 326.2 326.3 326.3 326.3 326,3 326,3 
Exit 

Total 185.5 165.7 185,7185.3 185.3 185.3 185.2 185.2 185.1 185.0 185.0 
Entrance 

Total 185.3 185.5 185.4 185.1 1$2.8 197.2 185.1 184.9 184.8 184.8 184.8 
Exit 

Efficiency 100 100 100 100 95.1 92.5 100 100 100 100 100 



Static 290.0 290,3 290.3 290.5 291.2 292.3 292.7 293.5 293.8 293*8 293.8 
Exit 

Total 139.8 139.5 139.1 136.9 139*7 140.3 140.5 141.0 141*2 141.3 141.3 
Entrance 

Total 139.6 139.1 139*0 138,8 148.8 143.8 Ui.J 141.4 141.6 141.7 141.7 
Exit 

Efficiency 100 100 100 100 95.0 98.1 99*4 99*8 100 100 100 



Position indicates distance in inches behind blade trailing edge 
Pressures in millimeters of mercury. (Atmos. 126) 
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Position 0.0 0.1 0.2 0.5 0.8 1.15 1.5 1.8 2.1 2.2 



^ • r 



Static 268.3 268.5 268.5 268.7 269 269.5 270.0 270.0 270.0 270.0 270.0 
Exit 

OTotal lo9.2 lo9.2 lo9.1 109.1 109.0 109.0 109.0 109.0 109,0 109.1 109,1 
Entrance 

Total 109.0 109.0 109.0 109.0 118.0 121.9 108.8 108.6 108.9 108.9 109.0 
Exit 

Efficiency 100 100 100 100 95.4 93.1 100 100 100 100 100 



Static 263.8 2 " 3 .« 263.7 *63.3 263.8 263.9 264.0 264.7 264.4 264.4' 264.4 
. Exit i c 

Total 103.8 103.3 103.0 103.7 103.0 303.8 103.6 103.8 103.6 103.8 

^trance 

VH-Jl 133.3 103.5 103.3 103.3 H2.5 116.4 103.0 103.0 103.0 103.1 103.0 
Exit 

Efficiency 100 100 100 100 96.3 92.7 100 100 100 100 100 
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FISc A 



INTER FE ROGRAM BAND SHIFT S EX PECTED FOR VARIOUS 
REYNOLDS ' NUMBERS AND PRESSURE RATIOS 
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FIG. B 



EXi-ECTSD PERFORMANCE OF ,VIND TUNNEL COMPRESSORS 
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FIG. C 




1067 290 PARTITION SECTIONS (TWICE SIZE BATTLESHIP K-6915600) WITH STATIC TAPS. FOR INTER- 
FEROMETER MODEL T-9672723. 
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FIG. D 




1067 288 PARTITION SECTIONS (TWICE SIZE BATTLESHIP K-6915600) WITH STATIC TAPS. FOR INTER- 
FEROMETER MODEL T-9672723 . 
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1067 289 PARTITION SECTIONS (TWICE SIZE BATTLESHIP K-6915600) WITH STATIC TAPS. FOR INTER- 
FEROMETER MODEL T -9672723 . 




FIG. F 





1067 292 PARTITION SECTIONS (TWICE SIZE BATTLESHIP K-6915600) WITH STATIC TAPS. TOR INTER- 
FEROMETER MODEL T-9672723. 



FIG. G 





1067 291 PARTITION SECTIONS (TWICE SIZE BATTLESHIP K-b91bbOO) WITH STATIC TAPS. FOR INTER- 
FEROMETER MODEL T -9672723 . 
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1067 363 MODEL (DRAWING NO. T-9672723) FOR INTERFEROMETER INVESTIGATION OF TWICE SIZE OF 
BATTLESHIP PARTITION DRAWING NO. K-6915600. 



FIG. I 




1067 364 MODEL (DRAWING NO. T-9672723) FOR INTERFEROMETER INVESTIGATION OF TWICE SIZE OF 
BATTLESHIP PARTITION DRAWING NO. K-6915600. 





FIG. J 





1067 367 



MODEL (DRAWING NO. T-9672723) FOR INTERFEROMETER INVESTIGATION OF TWICE SIZE OF 
BATTLESHIP PARTITION DRAWING NO. K-6915600. 
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FIG. K 




1067 365 MODEL (DRAWING NO. T-9672723) FOR INTERFEROMETER INVESTIGATION OF TWICE SIZE OF 
BATTLESHIP PARTITION DRAWING NO. K-6915600. 
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1067 362 MODEL (DRAWING NO. T-9672723) FOR INTERFEROMETER INVESTIGATION OF TWICE SIZE OF 
BATTLESHiP PARTITION DRAWING NO. K-6915600. 
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1067 366 MODEL (DRAWING NO. T-9672723) FOR INTERFEROMETER INVESTIGATION OF TWICE SIZE OF 
BATTLESHIP PARTITION DRAWING NO. K-6915600. 




FIG. 0 




MODEL INSTALLED - GENERAL ARRANGMBNT 








FIG. P 
AIR SORFSN 



\ 



— VLt 



FIG. Q 



BLADE PROFILE 
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LOCATION OF PRESSURE TAPS 
FORWARD BLADE 
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FIG. S 



LOCATION OF PRESSURE TAPS 
REAR BLADE 
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